Azithromycin is widely prescribed for the treatment of respiratory tract infections. Incidence of corrected QT interval (QTc) prolongation and cardiac arrest has not been reported after concomitant administration of azithromycin and diltiazem. Here we present a 69-year-old female patient who developed profound QTc prolongation and cardiac arrest after three days of concomitant administration of azithromycin and diltiazem. The patient was successfully resuscitated, intravenous magnesium was given and azithromycin therapy was discontinued. The QTc interval dropped to 412 ms 24 hours after azithromycin discontinuation. One week later, the patient was discharged home after full recovery. This case illustrates a possible drug interaction between azithromycin and Pglycoprotein inhibitor drugs and/or drugs having an effect on cardiac repolarization.
INTRODUCTION
Macrolide antibiotics are used to treat upper respiratory tract infections, community acquired pneumonia and other infections. Prolonged cardiac muscle repolarization leading to ventricular arrhythmias, notably torsade de pointes and sudden death are well described as adverse reactions and are common to all macrolides. 1, 2 Until recently, azithromycin has been considered the safest of the macrolides in terms of overall toxicity, as it neither undergoes CYP3A4 metabolism nor inhibits CYP3A4 to any clinically meaningful degree, and therefore does not interfere with commonly prescribed medications that undergo CYP3A4 metabolism. Azithromycin was also thought to have lower pro-arrhythmic potential than other macrolides, in vitro. 3, 4 Despite these properties, corrected QT interval (QTc) prolongation and torsade de pointes were reported with azithromycin use. 4-6 A recent study concluded that azithromycin therapy increased the risk of cardiovascular death. 7 Azithromycin cardio-toxicity was believed to be more pronounced among patients with a high baseline risk for cardiovascular disease 1,7,8 and at higher serum levels. 9
To the best of our knowledge, there are no reported cases of QTc prolongation and torsade de pointes induced by the concurrent use of azithromycin and diltiazem. We describe the first documented case of QTc prolongation and torsade de pointes possibly linked to an interaction between these two drugs.
CASE REPORT
A 69-year-old female patient presented to the emergency department (ED) for a survived cardiac arrest that occurred at home. Thirty minutes after her arrival to the ED, she developed a second episode of cardiac arrest. The patient received supportive care and was transferred to the cardiac care unit for post-cardiac arrest management after having restored her hemodynamic stability. The patient had no personal or family history of long QT syndrome and no reported history of allergies. Her medical history was remarkable for chronic atrial fibrillation and hypertension treated with diltiazem XR 300 mg PO once daily and Warfarin 2mg PO once daily since 5 years, diabetes mellitus treated with gliclazide MR 60 mg PO once daily since 10 years and hypothyroidism treated with levothyroxine 100 mcg PO once daily since 8 years. Three days prior to ED admission she had a lower respiratory tract infection which was treated with azithromycin 500 mg PO once at the first day, followed by 250 mg PO once daily. Initial laboratory testing results were as follows: Sodium, 143 Meq/l; Potassium, 4.05 Meq/L; Chloride, 104 Meq/L; Bicarbonates, 36 Meq/L; Calcium 8.7 Meq/L; Magnesium, 1.5 Meq/L ; glucose 131 mg/dL; White Blood Cell count, 7.3 x 10 3 , 65% of which were neutrophils; and Hemoglobin level, 11.6 g/dl. Arterial blood gases (ABGs) showed pH = 7.49, PaCO2 = 50 mmHg, PaO2 = 82 mmHg, HCO3-= 32 Meq/L and SaO2 = 96%. Her cardiac enzymes, HBA 1 C and Thyroid Stimulating Hormone (TSH) were within the normal limits. The electrocardiogram (ECG) showed a significantly prolonged QTc interval of 666 ms with torsade de pointes rhythm and no ST-T changes ( Figure 1 and Figure 2 ). A brain computed tomography scan showed an old stroke with no active bleeding. The azithromycin therapy was discontinued and 2g of intravenous magnesium was given to the patient. The QTc interval dropped to 412 ms 24 hours after azithromycin discontinuation ( Figure 2 ). After that baseline atrial fibrillation with back-to-normal QT interval was achieved ( Figure 3 ). One week later, the patient was discharged home after full recovery. 
DISCUSSION
The patient discussed here had a markedly prolonged QTc interval after three days of concurrent use of azithromycin and diltiazem. We believe that our patient's case illustrates an interaction between oral azithromycin and oral diltiazem, as evidenced by the temporal relationship between QTc prolongation with the administration of oral azithromycin and the return toward the normal after azithromycin discontinuation.
In search of a cause for QTc prolongation, inherited (primary) and acquired disorders (secondary) must be considered. Recent research has elucidated genetics and molecular pathogenesis of congenital (primary) long QTc syndrome and at least six forms of the disorder have been attributed to mutations in cardiac ion channels. 10,11 The secondary (acquired) form of QTc syndromes is attributed to metabolic abnormalities (e.g. hypokalemia), medical conditions (e.g., myocarditis, subarachnoid hemorrhage), and drugs that prolong ventricular repolarization. 11, 12 Irrespective of the cause, markedly prolonged QTc intervals, such in this case, may confer an increased risk of sudden death due to polymorphic ventricular tachycardia, particularly of the torsade de pointes variant. 13, 14 In the patient reported here, an acquired (secondary) cause of QTc prolongation was assumed since the patient had no history of inherited long QTc interval. This patient had no electrolytes disturbances, no metabolic abnormalities, no significant structural heart disease, and no clinical or laboratory evidence of ongoing cardiac ischemia or stroke. However, the patient reported here, received two drugs with a potential to affect cardiac repolarization: diltiazem and azithromycin.
The concurrent use of multiple drugs with a risk to prolong QTc interval, even if this risk is limited or minimal, was well reported as a predisposing factor for drug-induced QTc interval prolongation and torsade de pointes secondary to a pharmacodynamics based (PDbased) interaction. 15 Diltiazem affects cardiac repolarization by blocking the rapid component of the delayed rectifier K+ current (I Kr ) channel. Diltiazem is less likely to cause Early After depolarization (EAD), or to increase dispersion of ventricular repolarization and therefore to cause torsade de pointes. 16 Azithromycin can also disturb cardiac repolarization and prolong the QT interval. 3, 13 The exact mechanism of QTc prolongation and the resulting torsade de pointes associated with azithromycin is not well understood. Since azithromycin and erythromycin are both azalide antibiotics, they probably have similar properties and, therefore similar mechanisms of action. In vitro and in vivo studies revealed that erythromycin prolongs cardiac repolarization primarily by blockade of the I Kr channel. It also causes EAD and triggered activity in M cells, resulting in increased dispersions of refractoriness in ventricular tissue and torsade de pointes. 15, 17 Since azithromycin and diltiazem both act on the I Kr , therefore they may have had additive effects on the potential action duration which resulted in QTc interval prolongation and Torsade de pointes in this patient.
Higher serum concentrations of a QT-prolonging drug have also been well characterized as a risk for QTc prolongation and its variant torsade de pointes. [15] [16] [17] [18] Many factors may contribute to higher drug serum concentrations such as higher than average drug dosage and decreased clearance. Decreased drug clearance is observed in patients with liver or kidney impairment and in patients taking agents that may interfere with their clearance.
This patient received azithromycin and diltiazem in regular doses. Moreover, this patient does not have liver or kidney impairment. However, the concurrent use of azithromycin and diltiazem may have led to an increased serum concentration of azithromycin and /or diltiazem. To explore the possible mechanism for this interaction, the effects of these agents on their respective clearance should be considered. Diltiazem is mainly metabolized in the liver through the CYP 3A4. It is an inhibitor of the CYP 3A4 and the P-glycoprotein (P-gp) efflux pump. 19, 20 Azithromycin has minimal hepatic metabolism and does not interact with the CYP system. 13, 21, 22 It is metabolized to an inactive metabolite via N-demethylation through other routes independent of the CYP system. Azithromycin is mainly excreted unchanged in the bile with subsequent elimination in the stool. It has been suggested that the trans-intestinal excretion involving Pgp efflux pump may be the primary route of elimination of unchanged azithromycin. [23] [24] [25] Since azithromycin does not interact with the CYP 3A4 system, an interaction between azithromycin and diltiazem at this level is unlikely. However, by inhibiting the P-gp efflux pump, diltiazem could have interfered with azithromycin clearance thereby increasing azithromycin serum concentrations and its effects. Therefore, QTc prolongation and Torsade de pointes observed in this patient may have been caused by a pharmacokineticbased (PK-based) interaction between azithromycin and diltiazem.
The patients' other medications were not reported to prolong QTc nor to interfere with azithromycin or diltiazem clearance. The patient thus had no other inciting drug interactions that could have caused the QTc interval prolongation and torsade de pointes.
Limitations of our case are: first, azithromycin and macrolides have shown to be independent risk factors for torsade de pointes; 15 second, the lack of any report of an obvious mechanism for this diltiazem-azithromycin interaction; third the lack of azithromycin blood level measurement at the time of the event; and finally the presence of other predisposing factors (old age and female gender) in this patient that confer increased vulnerability for macrolide induced QT prolongation and torsade de pointes. 15, 18 In addition, macrolides occasionally unmask an inherited long QT syndrome; 26 therefore, genetic vulnerability may also play a part.
QTc prolongation and Torsade de pointes could have been prevented in this patient. This could have been done by a clinical pharmacist and/or clinician through identifying predisposing factors in this patient; avoiding concurrent use of diltiazem and azithromycin and recognizing potential drug-drug interactions with these agents. Although consideration of all these areas will likely minimize the patient's rate of drug-induced QTc prolongation, nothing can eliminate a patient's risk completely. It is therefore recommended to monitor closely patients receiving drugs noted to cause QTc prolongation, especially those who are predisposed. This could be done by obtaining and measuring QTc interval regularly.
CONCLUSION
Diltiazem may increase Azithromycin toxicity by inhibiting P-glycoprotein responsible for its clearance and/or by a direct pharmacodynamic interaction. This would cause an increased myocardial repolarization time manifested by a prolonged QTc interval on ECG resulting in Torsade de pointes. The co-administration of azithromycin and a P-glycoprotein inhibitors or drugs that affect cardiac repolarization should, therefore, be approached with caution, especially in patients who has other predisposing factors for QTc prolongation and torsade de pointes such as age >65 year-old, and female gender. Close monitoring for evidence of QTc prolongation and Torsade de pointes is also advisable. Further investigation into the mechanism by which these two drugs interacted may be indicated. 
